To evaluate the long-term survival of patients resected for primarily unresectable colorectal liver metastases (CRLM) downstaged by systemic chemotherapy and to use prognostic factors of outcome for a model predictive of survival on a preoperative setting. Summary Background Data: Surgery of primarily unresectable CRLM after downstaging chemotherapy is still questioned, and prognostic factors of outcome are lacking. Methods: From a consecutive series of 1439 patients with CRLM managed in a single institution during an 11-year period (1988 -1999), 1104 (77%) initially unresectable (NR) patients were treated by chemotherapy and 335 (23%) resectable were treated by primary liver resection. Chemotherapy mainly consisted of 5-fluorouracil and leucovorin combined to oxaliplatin (70%), irinotecan (7%), or both (4%) given as chronomodulated infusion (87%). NR patients were routinely reassessed every 4 courses. Surgery was reconsidered every time a documented response to chemotherapy was observed. Among 1104 NR patients, 138 "good responders" (12.5%) underwent secondary hepatic resection after an average of 10 courses of chemotherapy. At time of diagnosis, mean number of metastases was 4.4 (1-14) and mean maximum size was 5.2 cm (1-25). Extrahepatic tumor was present in 52 patients (38%). Multinodularity or extrahepatic tumor was the main cause of initial unresectability. All factors likely to be predictive of survival after liver resection were evaluated by uni-and multivariate analysis. Estimation of survival was adjusted on risk factors available preoperatively. Results: Seventy-five percent of procedures were major hepatectomies (Ն3 segments) and 93% were potentially curative. Liver surgery was combined to portal embolization, to ablative treatment, or to a second-stage hepatectomy in 42 patients (30%) and to resection of extrahepatic tumor in 41 patients (30%). Operative mortality within 2 months was 0.7%, and postoperative morbidity was 28%. After a mean follow-up of 48.7 months, 111 of the 138 patients (80%) developed tumor recurrence, 40 of which were hepatic (29%), 12 extrahepatic (9%), and 59 both hepatic and extrahepatic (43%). Recurrence was treated in 52 patients by repeat hepatectomy (71 procedures) and in 42 patients by extrahepatic resection (77 procedures). Survival was 33% and 23% at 5 and 10 years with a disease-free survival of 22% and 17%, respectively. It was decreased as compared with that of patients primarily resected within the same period (48% and 30% respectively, P ϭ 0.01). At the last follow-up, 99 patients had died (72%) and 39 (28%) were alive; 25 were disease free (18%) and 14 had recurrence (10%). At multivariate analysis, 4 preoperative factors were independently associated to decreased survival: rectal primary, Ն3 metastases, maximum tumor size Ͼ10 cm, and CA 19 -9 Ͼ100 UI/L. Mean adjusted 5-year survival according to the presence of 0, 1, 2, 3, or 4 factors was 59%, 30%, 7%, 0%, and 0%. Conclusions: Modern chemotherapy allows 12.5% of patients with unresectable CRLM to be rescued by liver surgery. Despite a high rate of recurrence, 5-year survival is 33% overall, with a wide use of repeat hepatectomies and extrahepatic resections. Four preoperative risk factors could select the patients most likely to benefit from this strategy.
L iver resection is the only available treatment with an option of long-term survival in patients with metastases of colorectal cancer. [1] [2] [3] [4] [5] However, the resectability rate of metastases at the time of diagnosis is low, accounting for the low proportion of patients who may benefit from a surgical approach. Until recently, patients initially considered as unresectable were definitively treated by palliative chemotherapy, with obviously little chance of 5-year survival. 5, 6 Chemotherapy as a first-line treatment of metastatic colorectal cancer has greatly improved within the last decade. Response rates achieved with 5-fluorouracil and leucovorin have been significantly increased by combination with oxaliplatin, irinotecan, and changes in delivery regimens. [7] [8] [9] This improved efficacy has not only allowed increased patient survival in a palliative setting but has also offered a possibility of cure to previously unresectable patients with liver surgery after tumor downstaging. 10 -12 By reconsidering the initial unresectability of patients who strongly respond to chemotherapy, we have shown that survival could be achieved by liver resection in a significant proportion of patients otherwise promised a poor outcome. 10 -12 Similar experience has been further reported by others either after systemic [13] [14] [15] [16] [17] or intra-arterial hepatic chemotherapy. 18 -21 However, the benefit of this "rescue surgery" is still debated, and prognostic factors are lacking for the outcome of these patients. The aim of the study was to review the results of our 11-year experience to assess the long-term survival of patients treated by a combination of downstaging chemotherapy and surgery. The objective was to determine the survival benefit of such a strategy as compared with that of initially resectable patients, to define the critical factors influencing the outcome, and to propose a model likely to be used by oncologists and surgeons to estimate the survival on a preoperative setting.
PATIENTS AND METHODS
From April 1988 to July 1999, 1439 consecutive patients with CLRM were managed at our institution. From these, only 335 (23%) were primarily resected from their CRLM and 1104 (77%) were initially considered as unresectable. These latter patients were treated by systemic chemotherapy and were prospectively reviewed every 4 courses of treatment by the same multidisciplinary team. Liver surgery was reconsidered every time a documented response to chemotherapy was observed.
Selection of the Study Population
Among the 1104 initially unresectable patients, 138 (12.5%) whose metastases were significantly downstaged by chemotherapy, underwent hepatic resection and formed the population of the study (Fig. 1 ). When unresectability had been stated by an other team prior to the referral to our unit, the patient chart was routinely reviewed by one of us (R.A.) to confirm or not initial unresectability. Only patients with unresectability assessed with our own criteria of selection were included in the study group. These yet defined criteria 10, 11 mainly relied either on the impossibility to perform a curative hepatectomy leaving at least 30% of nontumoral liver parenchyma or to the presence of concomitant extrahepatic disease. The decision to perform surgery after downstaging of the metastatic process was taken only when the overall strategy could potentially achieve a complete treatment of the tumors.
Patient Demographics
There were 77 men and 61 women with a mean age of 57.3 years (33-85) ( Table 1) . Liver metastases were unre-sectable either because too large (n ϭ 10-7%), ill-located (n ϭ 21-15%), multinodular (n ϭ 77-56%), or associated to extrahepatic tumor (n ϭ 30-22%). In some patients, however, several causes of nonresectability were encountered, the more prominent cause being considered.
At the time of diagnosis, the mean number of metastases was 4.4 (1-14) with a mean maximum size of 5.2 cm . Extrahepatic tumor was present in 52 of the 138 patients (38%) with by decreasing frequency: lungs (14%), peritoneum (11%), lymph nodes (7%), and other locations (5%). These extrahepatic metastases were not always the main cause of unresectability.
Preoperative Chemotherapy
Patients received an average of 10 courses of chemotherapy . The response that allowed surgery was obtained with the first line of treatment in most cases (77%) but 14% of patients needed 2 lines and 9%, 3 lines of chemotherapy before liver resection ( Table 1 ). The last preoperative protocol used 5-fluorouracil-leucovorin either alone (12%) or combined with oxaliplatin (70%), irinotecan (7%) or both (4%). Chronomodulated infusion was used as previously described 6, 7 in 120 of the 138 patients (87%). Response to chemotherapy was evaluated from serial imaging studies (computed tomography ͓CT͔ scan of abdomen, pelvis, and chest and abdominal ultrasound), based on tumor diameter changes according to the World Health Organization criteria. 22 A partial response (defined as 50% or more decrease in total tumor size) was observed in 95 patients (69%; Fig. 2 ), while a minor response (Ͻ50% decrease in total tumor size of the lesions) graded as "stabilization" was sufficient to indicate surgery in the remnant patients (31%). All patients were periodically reviewed by oncologists and surgeons up to the point that surgical resection became possible. While our initial policy was to perform liver surgery when the reduction in tumor size and tumor markers had reached a plateau, 10 more recently we performed surgery as soon as resectability was technically possible. Also, the date of operation was chosen to avoid a long time interval between the last chemotherapy and surgery. A 2-or 3-week interval from the last course was our preferred timing.
Liver Resection
Operative technique was as previously described. 10, 11 The objective was based on attempt at a radical resection sparing the highest amount of liver parenchyma as possible but providing a tumor-free margin of Ն1 cm whenever possible. When free margins could not be obtained owing to the vascular relationship of tumors or because the need for economical resection in relation to the multiple number of nodules, resection was nonetheless performed when complete and potentially curative. All previous sites of metastases were cautiously examined at operation particularly when they had apparently disappeared on preoperative imaging with the aim to resect all the potentially tumoral tissue. However when no lesion was seen, was palpated, or detected at intraoperative ultrasound, no resection was made "de principe."
Specific Techniques to Achieve Resectability
Portal vein embolization (PVE) was performed when the estimated volume of remnant functional liver parenchyma assessed by CT scan volumetry after the projected hepatectomy was below 30%. The technique of percutaneous PVE was reported in detail elsewhere. 23 It could be performed mainly before liver resection or less frequently at the first stage of a 2-stage hepatectomy.
Radiofrequency or cryosurgery was exclusively used for multiple bilateral metastases in combination to liver resection in patients otherwise unresectable owing to the extent of liver resection. They were usually reserved to remnant metastases, up to 3 cm in size, contralateral to the site of hemihepatectomy. Two-stage hepatectomy was performed in patients for whom a complete resection of all tumors could not be achieved with a single procedure even when combined to a local treatment. 24 It exclusively concerned multinodular bilateral metastases for which the less invaded hemiliver contained either more than 3 lesions or at least 1 lesion exceeding 3 cm in diameter.
Postoperative Management
Patients had planned follow-up at 1 month and then every 4 months, with evaluation of tumor markers (CEA and CA 19 -9), liver function tests, hepatic ultrasonography. Abdominal and chest CT scan were performed every 8 months. In case of associated extrahepatic metastases, resection of the extrahepatic site was usually performed 2 to 3 months after hepatic surgery, with systemic chemotherapy in between, to prevent tumor progression.
Owing to the estimated high risk of recurrence, systemic chemotherapy was continued postoperatively for 6 to 8 courses. Discontinuation of the treatment was decided in the absence of any persistent or recurrent tumor. 
Statistical Analysis
All factors likely to be predictive of survival after liver resection were evaluated. They concerned patient's data (age, gender), the colorectal primary (location, stage, invasion of lymph nodes), the characteristics of liver metastases at time of diagnosis (size, number, bilaterality, timing from the primary, initial main cause of unresectability, tumor markers), the preoperative chemotherapy (protocol, number of courses, type of drug delivery, response), the operative procedure (anatomic versus wedge resection, number of resected segments, curative pattern, blood transfused units), the use if any adjuvant treatment (portal embolization, cryotherapy or radiofrequency, 2-stage hepatectomy), the number of hepatectomies and the pathology of the resected specimen (number, size of metastases, resection margins, percentage of necrosis). All these factors were evaluated by uni-and multivariate analysis. For quantitative items, evaluation of cutoff values was performed to determine the more discriminant value with regard to survival. Overall and disease-free survival probabilities were calculated using the Kaplan-Meier method and data were compared by the log-rank test. A P value Ͻ0.05 was considered significant. Multivariate analysis using a Cox model was completed for all factors with a P value Յ0.15 at univariate analysis.
Estimation of survival was adjusted on risk factors. 25, 26 The model was focused on the sole items available preoperatively with the aim to allow medical oncologists or surgeons to predict the expected survival of any individual patient, turned resectable, before the decision of liver surgery.
RESULTS

Liver Resection
The majority of procedures were first hepatectomies (n ϭ 128, 93%) ( Table 2 ). There were 103 major (75%) and 35 limited (25%) hepatectomies. Mean perioperative blood transfusion was 2.6 units (0 -30). Most liver resections were nonanatomic or mixed-anatomic and nonanatomic-procedures (69%). The majority of resections were potentially curative either after 1-or 2-stage procedures (93%, 129/138).
Combined Techniques to Achieve Resectability
Preoperative portal embolization was used in 12 patients (9%). Radiofrequency or cryosurgery was combined to liver resection in 20 patients (14%). Two-stage hepatectomy was needed in 15 patients (11%). Overall, 42 patients (30%) needed at least 1 of these specific techniques, sometimes combined to each other to allow surgery to be feasible and potentially curative ( Fig. 3 ).
Surgery of Previous or Concomitant Extrahepatic Metastases
Resection was achieved in 41 of the 52 patients with previous or concomitant extrahepatic tumor (79%). Extrahepatic tumor spread was resected prior to liver surgery in 16 patients (12%). The procedures concerned resection of peritoneal nodules (n ϭ 5), lymphadenectomy of the hepatic pedicle (n ϭ 2), pulmonary resection (n ϭ 3), ovariectomy (n ϭ 2), bone resection (n ϭ 2), and resection of colorectal tumor recurrence (n ϭ 2). At the time of hepatectomy, 11 patients (8%) had concomitant surgery of peritoneal nodules (n ϭ 6), lymphadenectomy of the hepatic pedicle (n ϭ 4), or both (n ϭ 1). After liver resection, 14 patients (10%) underwent pulmonary resection (n ϭ 10), colectomy (n ϭ 1), nephrectomy (n ϭ 1), bone resection (n ϭ 1), and lymphadenectomy combined to peritoneal resection (n ϭ l). Among the 11 patients for whom a curative approach of extrahepatic disease could not be achieved, 2 had also a noncurative hepatectomy. There were 18 patients overall (13%) who did not have complete treatment of their metastases.
Operative Mortality
Operative mortality within 2 months was 0.7% (1/138). One patient died 1.5 month after liver resection from unexpected cardiac arrest caused by cardiac arrhythmia during the realization of the first postoperative course of chemotherapy.
Postoperative Complications
Postoperative morbidity rate was 28% (39/138 patients). Fifteen patients had local complications only (11%), 13 had general complications only (9%), and 11 had both local and general complications (8%). Twenty-six patients (19%) suffered from 35 local complications: 7 transient postoperative liver failure (5%); 8 biliary leaks (6%); 3 reoperations (2%) for either hepatic bleeding, parietal hemorrhage or bowel perforation; 3 postoperative bleeding not requiring reoperation (2%); and 6 infected (4%) and 8 noninfected (6%) fluid collections, all treated with percutaneous drainage.
General complications occurred in 24 patients (17%), 11 of whom (8%) had also hepatic complications. There were 11 pleural effusions (8%), 4 pulmonary infections (3%), 3 cardiac arrhythmias (2%), of which 1 led to patient death at day 36, and 6 miscellaneous complications (4%; anaphylactic shock, caval thrombosis, renal insufficiency, urinary tract infection, deep vein thrombosis, infected port). Mean duration of hospital stay was 13.6 days (6 -39).
Pathologic Findings
Among the 138 specimens of liver resection, a complete necrosis of metastases was found in 10 cases, representing 7.2% of complete pathologic response. In the nontumoral Rescue Surgery for Unresectable Colorectal Liver Metastases liver, fatty infiltration was found in 53 cases (38%), 43 of which mild (Ͻ30% of hepatocytes) and 10 important (7%; Ͼ30% of hepatocytes). Sinusoidal dilatation and congestion was assessed in 11 cases (8%) and fibrosis in 32 of 123 cases (26%), mainly mild (strictly portal, n ϭ 29), rarely important (porto-portal, n ϭ 2; septal, n ϭ 1). In 15 resection specimens, no sufficient liver tissue could be examined at distance from the tumor to assess the presence of fibrosis. Regenerative nodular hyperplasia was found in 6 cases (4%).
Outcome
After a mean follow-up of 48.7 months (1.2-179), 111 of the 138 operated patients (80%) developed tumor recurrence, 40 (29%) of whom were merely hepatic, 12 (9%) merely extrahepatic ( Fig. 4 ), and 59 (43%) both hepatic and extrahepatic ( Table 2 ). Of the 40 isolated hepatic recurrences, 22 (55%) could be treated by a repeat hepatectomy. Four of the 12 isolated extrahepatic recurrences (33%) were submitted to further surgical resection. Of the 59 patients with both hepatic and extrahepatic recurrences, 30 (51%) underwent a repeat hepatectomy, and 24 (41%) could be resected of their extrahepatic recurrence. At the last update, the 138 patients totaled 342 surgical procedures, including 223 hepatectomies (14 hepatectomies before the 138 of the study and 71 repeat hepatectomies), 42 specific procedures to allow resectability and 77 extrahepatic surgical procedures.
Survival was 52%, 33%, and 23% at 3, 5, and 10 years, with a disease-free survival of 30%, 22%, and 17%, respec tively ( Fig. 5 ). Overall survival was decreased as compared with that of patients primarily resected within the same period (66%, 48% and 30% respectively, P ϭ 0.01) ( Fig. 6 ). At the last follow-up, 99 patients had died (72%) and 39 (28%) were alive, of whom 25 were disease-free (18%) and 14 had recurrence (10%) ( Table 2) . 
Predictive Factors of Survival: Univariate Analysis Overall Survival
Among the 31 factors likely to influence survival after liver surgery, 10 were significantly associated to outcome at univariate analysis (Table 3) : the preoperative value of serum CA 19 -9 (P ϭ 0.006), the preoperative level of CEA (P ϭ 0.05), the number of liver metastases either at operation (P ϭ 0.003) or in the resection specimen (P ϭ 0.02), their bilobar distribution (P ϭ 0.05), a number Ն3 of resected segments (P ϭ 0.02), the nonanatomic and noncurative pattern of liver resection (P ϭ 0.01 and P ϭ 0.003, respectively), a history of less than 3 hepatectomies (P ϭ 0.04), and an incomplete necrosis of tumors on the resected specimen (P ϭ 0.002).
Disease-Free Survival
In addition to factors yet demonstrated to influence overall survival (except bilobar distribution and nonanatomic liver resection), tumoral invasion of hepatic and celiac lymph nodes (P ϭ 0.02) was significantly associated to decreased disease-free survival.
Multivariate Analysis
Seven factors were independently associated to decreased overall survival: a rectal primary, a number Ն3 metastases at liver resection, a preoperative CA 19 -9 Ͼ100 UI/L, a preoperative tumor size Ͼ10 cm, a noncurative hepatectomy, an incomplete necrosis of the tumor on the specimen, and a history of Յ2 hepatectomies (Table 4 ). Six were associated to decreased disease-free survival ( Table 4) . While the rectal primary was a risk factor only for overall survival, the presence of metastatic hepatic or celiac lymph nodes emerged as a risk factor for disease-free survival.
Preoperative Model to Predict Survival
As the objective was to estimate survival on the preoperative setting, only risk factors that were available preoperatively were considered in the model. Therefore 4 factors (rectal primary, Ն3 metastases, CA 19 -9 Ͼ100 UI/L, maximum tumor diameter Ͼ10 cm) ( Fig. 7a-d) , were used to adjust overall survival. Whereas the survival expectancy at 5 years was 59% for patients without any risk factors, the range was 23% to 41% for 1 factor (mean:30%), 2% to 14% for 2 factors (mean 7%), and 0% to 1% for 3 and 4 factors (Table 5) .
With regard to disease-free survival, the 5-year survival expectancy was 42% in the absence of any risk factors, 10% to 16% for 1 factor, 0% to 1% for 2 risk factors, and 0% for 3 and 4 risk factors.
DISCUSSION
The results of the present study demonstrate that liver resection could offer a possibility of long-term survival to patients with primarily unresectable metastases downstaged by chemotherapy. This potential benefit may be obtained with low postoperative mortality (less than 1%) and acceptable morbidity. To predict 5-year survival is possible in relation to 4 risk factors, available preoperatively.
The strategy to resect unresectable patients after effective chemotherapy has been a major breakthrough in the recent history of metastatic colorectal cancer. It allows patients under palliative chemotherapy otherwise promised poor outcome within 3 years to have a chance of long-term survival. Initiated by our group some years ago, 10 -12 this oncosurgical strategy is now increasingly adopted worldwide, whichever the chemotherapy regimen and the mode of drug delivery. 27 However, owing to the recent adoption of such a strategy, the series are limited, and the follow-up of patients FIGURE 6. Compared survival of liver resection for primarily resectable (n ϭ 335 patients) versus primarily unresectable metastases downstaged by chemotherapy (n ϭ 138 patients).
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Rescue Surgery for Unresectable Colorectal Liver Metastases resected after neoadjuvant chemotherapy did not exceed 4 years. [13] [14] [15] [16] [17] [18] [19] [20] [21] In our preliminary experience, we reported an actuarial 5-year survival of 35% to 40%. [11] [12] With a much longer follow-up, survival is currently 33% at 5 years and 22% at 10 years, with a median survival of 39 months. These results strongly support the policy to propose liver surgery to all patients whose metastases are sufficiently downstaged by chemotherapy to envisage their complete resection. By comparison, chemotherapy alone is now able to provide a median survival of around 20 months, but even with the use of new drugs, 5-year survival is almost impossible. 5, 6 Accordingly, a controlled study comparing chemotherapy alone to chemotherapy followed by surgery would be unethical. On the opposite side, surgery alone is associated with 5-year survival rates of 30% to 40% 1-5 but is obviously addressed to a selected group of patients with limited liver involvement (10%-20% of the overall population). Otherwise, for patients with widespread disease, incomplete tumor resection has little impact on long-term outcome. 28 Our patients treated by the combination of chemotherapy and surgery had initially highly advanced metastatic disease as assessed by the proportion of 80% of bilobar metastases, 60% exceeding 3 lesions and the presence of extrahepatic tumor in 38% of cases. Such patients would not have been operated some years ago owing to the dogma that unresectable metastases should definitively be treated by palliative chemotherapy. The decision of surgery was taken with the hypothesis that provided a complete treatment; a hope of long-term survival could be obtained. Although appreciable, the survival rate obtained was lower than that of primarily resected patients (33% versus 48% at 5 years), and this relied on the more extensive tumor spread of patients that were initially unresectable.
The policy adopted was that of an attempt of eradication of the tumoral process using prolonged chemotherapy (as neoadjuvant and then adjuvant therapy) and aggressive surgery not only for the initial metastases but also for any recurrence who could be resected with an option of radicalness. Accordingly, the 138 patients of the study totalized 342 surgical pro-cedures, including 42 specific procedures to allow resectability, 223 hepatectomies, and 77 extrahepatic surgical procedures.
Recurrence was frequent, particularly in the liver, either isolated (29%) or associated to extrahepatic tumor (43%), reflecting both the severity of initial metastatic disease and the possible remanence of tumors, downstaged to such a point that they could have apparently disappeared. However, some patients suffered postoperative reappearance of lesions considered as "ablated" by chemotherapy, a fact that should be connected to the evidence that only 7% of patients had complete necrosis of their metastases after chemotherapy, at pathology of the resection specimen. Therefore, active tumor persisted in previous tumor sites in most cases. For this reason, we presently advocate medical oncologists to refer patients to surgeons before obtaining a "complete response." Otherwise, surgery is totally blinded and highly risky to miss "dormant" metastases that will progress as soon as chemotherapy is withdrawn or become less effective.
Another important issue was that despite the heaviness of therapy, the operative risk was low, with an operative mortality of less than 1% and a morbidity of 28%, similar to that previously reported for primary liver resection. [1] [2] [3] [4] 29 These patients had received prolonged chemotherapy known to produce histologic lesions on the liver. Accordingly, fatty infiltration, vascular congestion, and some extent of fibrosis were observed in the nontumoral liver, but no clear impact on mortality and morbidity was observed compared with primary surgery of liver metastases.
The Proportion of Patients Turned Resectable With Chemotherapy
The initial assessment of unresectability of the patients of this series was a critical point. Obviously, if resectable liver metastases would have been declared erroneously inoperable at first assessment, the study could easily turn meaningless. 30 Fortunately, all cases of initial unresectability were reviewed according to well-established criteria, and unresectability was defined either by the impossibility to resect all tumors while leaving at least 30% of the total liver volume or by the concomitant presence of extrahepatic metastases. The resectability rate of 12.5% after effective chemotherapy was in agreement with our previous results. 10, 11 However, criteria of unresectability may vary from one team to another, and higher proportions of 30% to 43% of converted resectability have been reported by others, 15, 16 reflecting probably different selection policies. Nonetheless, the important fact was that whatever the group considered and its adopted selection criteria for resect-ability, a proportion of patients initially nonoperable was secondarily considered by the same team as amenable to liver resection. Owing to the high number of patients with colorectal cancer worldwide, half of them developing liver metastases, this strategy could concern thousands of patients for whom a hope of long-term survival is currently offered.
Prognostic Factors of Survival Following Surgery
Another important issue was the benefit provided by such a strategy. To date, our policy was to perform liver resection in all patients whose tumors were sufficiently downstaged as to allow radical surgery. The first objective of curative surgery could be achieved in 93% of liver metastases but in only 79% of extrahepatic metastases, leading to 87% of patients successfully treated by a curative approach for both hepatic and extrahepatic tumor. The second objective was long-term survival. It was not achieved for all patients. This prompted us to determine the prognostic factors of long-term survival to predict, on an individual basis, the expected benefit of surgery. A rectal primary (versus colon cancer) was independently associated to decreased survival. This could be related to the higher difficulty of radical surgery in rectal cancers and to their increased risk of local recurrence as compared with colon cancers. Similarly, a negative impact of rectal site of primary tumor on survival after liver resection of metastases was recently reported. 31 In addition, the context of initially unresectable liver metastases made that the radicalness of surgery of the primary was often neglected in view of the usual poor prognosis of these patients, as illustrated by the case of Figure 4 . The advent of effective chemotherapy should currently lead colorectal surgeons to achieve radical resection of the primary even in the cases of initially unresectable liver metastases. Not surprisingly, the noncurative pattern of hepatectomy was identified as a prognostic factor, as well as a number Ն3 metastases and a tumor size exceeding 10 cm. These are factors commonly reported in main series 1, 2, 4, 5 or prognostic scores. 3, 32, 33 Tumor markers were also predictive of survival, but in our study CA 19 -1 obviously performed better than CEA. CEA is usually regarded as a better indicator of poor prognosis and recurrence of colorectal cancer. 34 However, in advanced colorectal carcinoma, a study suggested serum CA 19 -1 as one of the most important prognostic factors. 35 Both markers were recommended in patients with colorectal liver metastases. 36 Of clinical importance was the fact that concomitant extrahepatic metastases, present in 38% of our patients, had no significant impact on survival except metastatic lymph nodes of the hepatic pedicle. Extrahepatic disease has long been considered as an absolute contraindication to surgery of colorectal liver metastases. Since some years, this has been challenged by some groups, including ours. 1, 3, 10, 11, 29, 37, 38 However, extrahepatic tumor has been commonly reported as a factor of poor prognosis. 1, 2, 3, 32 The absence of significant effect on overall survival in our study suggests that effective chemotherapy combined to sequential surgery of extrahepatic metastases could have erased their negative effect on prognosis.
Individual Assessment of the Expected Survival After Surgery
Four risk factors were retained for predicting survival of patients whose liver metastases were downstaged by chemotherapy and for whom surgery should be indicated. Inter-estingly, the expected survival benefit at 5 years is appreciable in the presence of up to 2 risk factors but is almost nil for more than 2 factors. This could be of utmost clinical importance, allowing appropriate selection of patients and adequate timing for surgery. Of course, these results should be further validated on a prospective basis, but they may at once help oncologists and surgeons to make the "good decision" for patients whose indication for liver resection is highly questioned.
In summary, modern chemotherapy allows 12.5% of patients with unresectable CRLM to be rescued by liver surgery. This strategy offers a possibility of long-term survival (33% at 5 years and 22% at 10 years) with a low operative risk. It involves a wide use of repeat hepatectomies and extrahepatic resections. Four preoperative risk factors are able to select the patients more likely to benefit from this strategy.
Discussions
DR. HAROLD J. WANEBO (PROVIDENCE, RHODE ISLAND): Dr. Adam and members of the Bismuth group are continuing to push the envelope for neoadjuvant therapy of high stage liver metastases from colorectal cancer. Their focus is on the responders who were made amenable to resection following ten courses of adjuvant therapy. Of interest, 22% of these had extrahepatic metastases. The thrust of my questions will focus on this group.
The presence of lymph node metastases is classically thought to be a reason to exclude patients from resection. And the question is, what would the authors recommend to the surgeon who encounters lymph node metastases at the time of planned resection? Should one just proceed with the resection and remove the lymph node metastases or should you back out and give adjuvant therapy? I also noticed that they had a group of patients with peritoneal metastases, some of whom I believe may have survived. And my question, what should be the optimum management for that group if encountered in the operating room?
A second line of questioning focuses on the very interesting utilization of the CA 19 -9 in comparison to the CEA. I think most of us have been brought up on the CEA as a useful tumor marker to identify patients with recurrence or metastases from colorectal cancer. The potential prognostic relationships of CEA are well defined in colorectal cancer but the CA 19 -1 is not commonly used, so we are intrigued at the author's use of this tumor marker.
And lastly, there still is a fairly substantial failure rate, approaching 80%, in the liver. Do the authors have any plans to alter that? They are able to do re-resections in some of the patients, but the question remains whether some other approach might be considered such as hepatic artery infusion.
I enjoyed the presentation. Thank you very much.
DR. RENE ADAM (VILLEJUIF, FRANCE): Thank you, Dr. Wanebo, for your interesting questions.
With regard to the first point concerning lymph node involvement by the tumor, I fully agree with you that this is probably the most negative prognostic factor with regard to survival. All the patients of the present series had been downstaged by chemotherapy and our policy is indeed to operate only patients who have responded to chemotherapy. In practice, whether we know preoperatively that metastatic lymph nodes are present and we submit the patient to neoadjuvant chemotherapy. Response to chemotherapy will help us to select those patients to operate. Whether metastatic Annals of Surgery • Volume 240, Number 4, October 2004 Rescue Surgery for Unresectable Colorectal Liver Metastases lymph nodes are discovered during liver resection. In this case, we proceed to hepatectomy and lymphadenectomy when all the tumoral tissue could be resected and when hepatectomy is not highly risky. Otherwise, we also prefer delayed liver surgery after chemotherapy. In both cases, postoperative chemotherapy is done systematically. The same attitude is adopted for peritoneal carcinomatosis. With regard to CA 19 -9, it was also a surprise for us that this tumor marker shown better prognostic value than CEA. However, we have yet observed this for pulmonary metastases from colorectal cancer. CA 19 -9 had better prognostic value for survival after resection than CEA.
Your third question concerns repeat hepatectomy. Indeed, all the patients of this series were exposed to a high risk of recurrence and repeat hepatectomy was used in all the cases for which it could be potentially curative. Accordingly, 71 repeat hepatectomies were performed in 52 patients with hepatic recurrence. The same aggressive policy was adopted for extrahepatic recurrence explaining that a total of 342 surgical procedures were performed in the 138 patients of the series.
DR. ROBERT J. FITZGIBBONS, JR. (OMAHA, NEBRASKA): It seems to me the logical extrapolation from this study is the use of a less morbid therapy for these patients that are converted to a resectable stage, such as radiofrequency ablation. My question is, do you have any experience with such an approach rather than resection? DR. RENE ADAM (VILLEJUIF, FRANCE): In our unit, we use radiofrequency as well as surgery in the treatment of liver metastases. However, we restrict the use of local treatments to non-resectable lesions when limited in number (Ͻ 3) and in size (Ͻ 4 cm). This treatment could, of course, be combined to liver resection but never preferred to resection for resectable metastases since long-term results of surgery are well known, not those of radiofrequency.
DR. STEVEN M. STRASBERG (ST. LOUIS, MISSOURI): Professor Adam, I enjoyed your paper. Congratulations on the continuing contributions of your group to this area, important contributions.
I have 2 questions. One, are you using FDG-PET scanning? And if you are, how does that fit into the algorithm that you use for these patients?
Secondly, it just seems to me that the percent of patients that are being down-staged is high compared to the overall group of patients that you are treating. And you have shown us examples of unresectable patients and we would all agree that the patients that you showed us are unresectable. Is there a tendency to use chemotherapy now in your group in those patients who are perhaps barely resectable? Do you tend to say, when the lesions are large and perhaps close to the veins, let us use chemotherapy and see if we can make these patients perhaps more resectable than they are at the time you see them for the first time?
DR. RENE ADAM (VILLEJUIF, FRANCE): Thank you, Dr. Strasberg, for your kind comments and pertinent questions.
PET scan has been rarely used in this series. Our common policy relied on the combination of abdominopelvic ultrasound with CT scan of chest, abdomen and pelvis. However, when there was a doubt on the tumoral nature of a lesion or on the presence of extrahepatic disease, undetectable by conventional means, we used the PET scan. With regard to the increasing response rate to chemotherapy and its impact on liver surgery, it is true that current protocols allow 70 -80% of patients to be downstaged or at least stabilized by chemotherapy. I fully agree with you that a reduction in tumor size may help the surgeon to perform a better curative operation for patients who are a little bit "marginal" for the indication of resection. Also, for multinodular metastases, it is now our policy to treat all patients with more than 3 nodules by neoadjuvant chemotherapy, even when they are initially resectable, in a way to control the tumor disease before surgery. One factor is for us critical on this setting: not to operate a patient whose tumor progresses while on chemotherapy.
DR. DAVID W. EASTER (SAN DIEGO, CALIFORNIA): Dr. Adam, that was a great paper, well presented. I am going to struggle to help you with control of your selection bias.
I wonder if there are any patients who declined your aggressive approach and said "no thanks" to the hepatic artery infusion, or "even though I might be resectable, I am going to take my adjuvant chemotherapy alone." Do you have a subset analysis of that group that might have refused your approach? DR. RENE ADAM (VILLEJUIF, FRANCE): Thank you for this question. You point out a crucial issue. Obviously, the program of treatment of all these patients was a heavy one, including sometimes repeat operations with chemotherapy in between. For this reason, the first thing I explain to such patients is that the treatment will be long and sometimes difficult to face but that they should be convinced about the possibility to obtain a long-term remission and why not of cure. With this shared objective, I have been almost never faced with a patient saying, "No, Doctor, thank you, I don't want to enter into this program. I continue on chemotherapy." This is really very, very rare and anyway much less frequent than the reverse situation of a majority of patients on prolonged chemotherapy, who ask for an operation unfortunately impossible to perform because of insufficient downstaging.
